users, subject to interstate constraints. Most states all ocatE water rights to those us es termed II benefi cia 1" by the all oca t; ng agency. These wa ter rights mayor rn.ay not be appurtenant to the land, and may be transferred more or less freely, depending on the state regulations.
Description of the Region
The Colorado Riv er Ba-si n is l arge and physically , economically and institutionally comp lex. The River has its headwaters in Wyoming, Colorado and Eastern Utah, and signigicant other feeder rivers from New Mexico , Sout hern Utah and Arizona. The agriculture in the region varies considerabl y.
----------------------------------------------_ . _ ----
institutional fra lllework, as will be shown, may impose constraints which conflict with th e water quality standards, p~r ticularly the zero-discharge requirer.Jents.
Whi 1 e many poll uta nts may be found in the effl uent of user"s of t he river, salt content is the main pollution problem. This discussion will focus on the salinity problem and while high salinity may be somewhat unique to the rivers of arid West, many of the ~ot ential conflicts between agricultural produc tion and water quality standa rds for salinity are relatively broadly applicable.
The salinity problem does have one i mportant aspect whic~ may be typical of all river basins which have irrigated agriculture -wa ter quality conflicts.
r~u ch of the salinity in the Colorado River i s a result of nat lJral sources rather than of man ' s activities. Some dis au rcement exists among researchers with respect to the amount of salt contributed by the na tural sources; a few researchers estimate the natural loading to be from thirty to forty pe rcent of the total salt content, while others estimate as high as seventy-five percent of the salt is contributed by natu ral sources. Estimates made by Utah State University (1975) researchers indicate 26%, or 702,300 tons of salt out of 2,676,000 total tons, are cont r ibuted by irrigated agriculture in the Green River Sub-basin; for the Upper M ain Stream of the Colorado, t,374,7GO tons or 27 % of t he 5,012,000 tons were from a9riculture; for :he San Juan Sub-basin) 232,000 tons or 23% of the 1,010,000 tons were frorn agriculture; for the Lower Main Stream, 273,500 tons or 31 % of t he 882 ,260 tons were from agriculture; and for th e Little Colorado Rivet" Sub-basin, 18,550 tons or 16% of the 116,300 tons were from agriculture. Clearly, a major p rtion of t he salinity p oblem cannot be attributed to irri Qated agriculture . The first, and possib ly the most critical) problem \Vi ll be the enforcement of the standards in genera l) and the zero discharge requi rement in particular. Quantifying pollutan ts from each ro int source will require a monitor for every farm, if not by the enforcement agency then by the water d' istributing agency whose discharge in turn is monitored, in ol~der th at the cost of treatment (or fines) can be adjudic ated. If decreasing costs to scale also hold for desalinization a small irrigation company would likely ha ve extremely hi gh treatment costs . Given current values of irrigation water in both the Basins, a sig nificant burden would -be placed on agriculturis t s. The construct ion and operation of treatment plants will like y have to be publically financed, with a pay-back procedure simil ar to the cons truction of irrigation da ms nnd canal systems. Furthe r , the fee s lev ied on water users would l ikely be base d on wa ter diversions. rather t ha n on efflu ent lev el s, because of the high cost of monitoring each farm in a system and becaus e individual fams might avoid t he effluent charge by the ponding or spreading tech niq ues discu ssed aobve. Th is system of charge s could be both econ omic ally ineffic i ent and inequ itab le .. In fact, such a di stribution of charges could le ad to encou ra gement of pol1utan: production (particularly fertilizers and pesticides), qiven th e common prope rty aspect of the treatment plant ownership.
There are som0 on fann technological adjust.ments which car be made to reduce the pollutant levels of surface water. First, farmers can change their irrigation system to sprinkling. Second, fanners can develop a total con tainment approach, similar to the measures planned by the steam-pm,,'ered electrical generation and mining companies. The shift to sprinkling irrigation can reduce salt loading by a substantial amount~ depending on rates of application and crop rotations (Hanks, et. a1.) . Several problems arise ¥I;th sprinkl " ing irrigation, howe ver . Although salt outflow may be decreased, it is not eliminated by sprinkling.
There is a build-up of salt in the root zone \vith sprinkling, unless sufficient water is used to "flush" the salt out or unless tilE drains are used to prevent capillary effects from bringing salt to the roct zones. Even tile drains will not prevent salt building where irrigation water is already salt-laden. Clearly, flushing would violate water quality stardards and zerodischarge almost by definition. If the surface i s tile-drainec!, the additions of salt to groundwater, and thence to surface flows, may be eliminated and the surface effluent managed. However, the imposition of zero discharge could eliminate the use of the drains even in the areas which have a opted the practice, since these drains can be identified as point sources. Without flushing or tile drains, yields and profits will decline subst~ntially over time. This reduction in profitability has a compounding effect. Most studie s show t hat i no rd '2}~ t hat s p r; n k 1 e r i r rig a t ion be asp r a ~ ita b 1 e a s f 1 00 d i r rig ation, rotation must change to include more inten sive, hiyher valued crops U1eale ; Can non ) . 0 the r'W i s e s p r ink 1 i n 9 y i e 1 d s it I)(~ I . low 0 r no pro fit, si n c e the capital requirene t is very high. Many cf t It~Se high-valuec' crops in the
The alternative to sprinkling is total containment. Pending for evaporation would be relatively inexpensive. Some have suggested that reuse of ponded wate r \"ould reduce the effluent probl em as well. Unfortunately, at 1 est i n 1 a r 9 [~ pur t s 0 f the Bas in, po n d e d wa t e r w 0 u 1 d be sal t y e no ugh to inhibit producti on. In fact, many of the potential industrial users indicate that reuse of Colorado River water for c oolin~ is questionable due to ·ts hig h salt con t ent. There ;s obviously a "taki ngll of water rights in volved with containment. although market compensatio n might be th e method by which total containment could be pra cticed by a reduced number of irrigators. Even with total containment, water quality could decline in the Colorado River, due to red uced dilution. Where high quality gtou ndwater is used for irrigation, those flows would not augment the Riv~r. In fact, the likelihood of developi ng groundwater for new ir riga tion will be significantly reduced due to the zero discharge limitations. Those areas which have been developed, or are planned, using saline groundwater for irrigation would very likely have to be abandoned. At ' the very least, it is not certain tha t such standards wil l im~rove water quality.
There are other technological controls which have been sug gested.
Canal lining and selective retirement of irrigated land have been discussed.
The se two app roaches will have some moderating effect of salt loading in the Colorado River, but only a small portion of the salt loading could be reduced. (Utah State University) In additi on, canal lining would probably cause significa ntly more water to require t re atment sin ce seepage does reduce the aroount of surface flo\vs which can be identifi ed as point sources.
The incentive might be to not line canals in or de r to avoid the treatn~nt cos ts.
From the foregoing discussion , it seems pos ible that the :nnplementation of water quality standards, especially zero discharge, in the Co lorado River Basin will have a l arge detrimental effect on irrigated agricu:lture in both Lower and Upper Basins. In addition, the incentive to avoid the standards could lead to decreased water quality. The fundamental econom i c question is if benefits are gained, are these benefits, if any, greater thCin the implementation costs, an d, furthe r. do those who benefit co mpen sate those who lose?
Benefits and Costs
A general theoretical treatment of the externalities of pollution leads to the concl usion that unl ess the poll utant is extremely harmful in very small concentrations, the social optimum will occur at a point where some externality exisfs (for example, Buchanan and Stubblebine). T e zero-d is·· charge requirement is too restrictive, but the interrrediate standards -Best Practical Techno'logy and Best Available Technology -may also be too restrictive with respect to a so ci al optimum. treating water high in salt, current plans include total containrrent of waste water from both processing and cool ing acti vities. Sinc (~ all the water in the Uppe r Basin has be en allocated , these en ergy developments will be forced to acquire wa ter from curren t hold ers of water rights, either by reassignment by the appropriate authorities or by pu rcha se. Given the constraints on return flows, these energy producers will have to ob tain diversion ... , . . -
r, ights sufficiently in excess of t he i r con s unptive use that remaining downstream users have suffic"ent water available, rhus, less i r rigated agriculture will exist than would be the case un de r le ss stringent water quality standards. In f ac t , the Colorado Ri ver Assess m ent Study (Utah State University) indicated th at with t he development of energy resources, less loading wil'l occ ur as irrigation i s red~.JCed, bu t conce tr'ations will rise as a result of increas ed con sumpti ve use of \' ia ter in the t.otal containrrent dctivity.
There are also some side issues with l"espect to muni cipa" waste treatment, both for cu rrent res idents and future popllations of th e Bas "n . There is considerable evidence that effluen.t from many municipalities ;s undetectable a short dis tance dovm stream from their dis ch r'1e points. The existing regulation will re quire large investment in sewdge treatmen t pla nts by t hose mun icipal ' ities. This burden wi l l fall more heavily on smal ler conm uniti es which generate relatively le s s e ffluent than larger me tropolitan areas. TIle water quality standar ds approach ignores both th e sub stantial costs and the practica ' 11y non-ex;stant benefits of pollution control for these mun1cipalities.
There are also several planned water exp or ts in the Upper and Lower Basin.
\~hile these exports are not i den tified as point sources of po 'll ut1on. they may well have significant impacts on the water quali t y in the r'1ver. As \I/ater is withdrawn f rom the river, les s dilution of the salt load u lkes place. and the concentra t ion rise s. These exports may be mo re significant to water qua l i ty t han loading from ei the r the agricul tu ra l or energy sector's, yet Pl92-500 will have no re gu l at j n~ affect.
Sum.ary and Conclusions
The ap pl ica tion of wate r quality standard s to i r rigated agr ic ulture will be. at b-:) t) diffi cu l t . ~Jhether the law even a Dplies to most irrigated agriculture ;s open to que st io n . The abi " lity t. o ident ify the ~)o urces of effluen t s, or to monitor iupn tified sour ces . is rioLlbtfu l. If th e standards are applied, agriculturalists wi l l hJve t o alter their c urrent practices and may be forced to cease irriga t ion due to economic infeasib "lity of meeting standards, particularly the zero di scha rge rcquiremen t~" In addit "ion , the benefits gained to do\· mstream users \,1111 li kely be much smaller tha n the costs born by upstream users in order to achi eve zero disc harge.
Irrigated agr'culture will not be the only sector whi ch is affEcted; the imposition of the rather arbitrary standards including eventual zero discharge requirements, \vill impose very high co sts on smal l rural mun icipalities in the Basin, with little or no detectable improvement in water quality in the river. With the advent of energy developrre nt and large water tran sfers, the effluent standards may, in fact worsen the water quality.
It seems apparent that PL92-500 is an ill-conceived approach to the water quality prrb l ems v/hich result from ir r igated agriculture. Given the im orta nce of irrigated agriculture to the w~st, th e "l egalistic" physical standards approach may lea d to a loss in social welf a e~ rather than a gain. 
